This paper reports on an experiment of using a publisher provided web-based resource to make available a series of optional practice quizzes and other supplementary material to all students taking a first year introductory microeconomics module. The empirical analysis evaluates the impact these supplementary resources had on student learning. First, we investigate which students decided to make use of the resources. Then, we analyze the impact this decision has on their subsequent performance in the examination at the end of the module. The results show that, even after taking into account the possibility of self-selection bias, using the web-based resource had a significant positive effect on student learning. JEL Classification codes: A20, A22
Introduction
In the mid 1990s undergraduate economics teaching in the US was, according to the survey results of Becker and Watts (1996) , dominated by 'chalk and talk' teaching methods with little innovation and very limited use of technology. A follow-up survey in 2000 (Becker and Watts, 2001) suggested that little had changed, despite more attention being dedicated to teaching.
However, recent evidence suggests that the use of technology is now becoming a more common means of enhancing the student learning experience. When Becker and Watts (2008) repeated their survey in 2005 they found more evidence of innovation and use of technology.
Likewise, survey evidence from economics lecturers in the UK shows a significant recent increase in the adoption of technology 3 . However, despite this increased adoption of technology, there remains limited and inconsistent evidence on whether this has a positive impact on student learning (see section 2). This paper contributes to the available evidence by analysing which students decide to make use of a technological innovation and how this then impacted on their learning.
The paper evaluates the impact of increased use of technology in a first year introductory microeconomics module taken by over 400 business school students. Motivating and engaging students on this module is particularly difficult because class sizes are large and whilst some students are experiencing economics for the first time, others have considerably more experience of the subject. However, engaging these students is arguably of particular importance since a number of threshold concepts are introduced and, according to Shanahan et al. (2006, p.30) , act as 'a portal which, when crossed by the learner, grants access to a previously inaccessible way of thinking.' Furthermore, Rhodd et al. (2009) provide evidence that performance on principles of economics courses has an important effect on overall degree achievement and result, due to common methods of understanding, in spillovers on related noneconomics courses.
In an attempt to increase student engagement we experimented with introducing a webbased resource (WBR) into our teaching of this course. Such online resources are a rapidly developing part of the economics textbook market (Lopus and Paringer, 2011) . The MyEconLab resource 4 we introduced was provided by the publisher alongside the course textbook (Sloman and Wride, 2009) . Throughout the course we used the WBR to make available to all students a series of optional practice and revision quizzes. Whilst these quizzes did not count towards the module assessment, we tried to provide clear incentives to use the resource. This was done by guaranteeing that a number of the multiple choice practice questions would be replicated in the exam at the end of the module which, for administrative reasons, was the only form of assessment.
The WBR was the only way in which students could access this practice material. Whilst this is clearly not the only means to provide students with such practice material, there are a number of benefits from providing them in this way 5 . First, the WBR provides a wide range of practice questions (in section 6 we discuss how this is especially useful if the WBR is also used for assessment) and also includes many other supporting materials to complement the textbook material. Whilst there are a large number of multiple-choice type questions, other question formats are also provided, including questions which provide practice in drawing and interpreting graphs. Second, the WBR enables students to receive rapid and detailed feedback 4 http://myeconlab.mathxl.com/login_econ.htm (accessed 11/01/13). For an overview of how MyEconLab can be used to support teaching and the range of resources provided see: http://www.youtube.com/watch?v=3ATftP0YDRY&context=C347e269ADOEgsToPDskIn37_-KI1m5f8oUpt164DY (accessed 11/01/13). 5 See also for example Chalmers and McAusland (2002) and Pollock et al. (2000) for a discussion of these and other potential benefits of computer assisted learning and assessment, including: making sure that students cover all of the course topics, allowing students to work at their own pace, improved retention rates and time savings on setting and marking assignments. They also suggest that students are generally in favour of this form of assessment. and in addition an individual study plan is generated for each student based on the areas which they have found difficult. Finally, instructors are able to easily identify and respond to areas students are finding difficult to understand. Overall, consistent with learning theory (see Simkins, 1999, pp. 278-280) , we hoped that introducing the WBR would enable the students to become more active in the learning process with increased opportunities to check their understanding of the lecture material and lead to improved performance in the module. On the other hand since students have a variety of learning styles (see for example Biggs and Tang, 2007, pp. 8-30) the WBR may, therefore, not appeal to all students and our analysis will also identify such students.
There were two ways in which students could obtain access to the WBR. First, an access code was provided with a purchase of the course textbook. However, we could not require all students to purchase the textbook (which was nevertheless also available from the library). Therefore, second, in order to provide access to the resource to students who were not willing or able to purchase the textbook, the business school purchased additional access codes. These were made available to all of the students at the start of the module and for a limited period towards the end of the module 6 . In total 57% of students registered to use the WBR, the majority of whom (84%) gained access by purchasing the textbook 7 .
The aim of this paper is to evaluate the impact the decision to use the resource had on student learning. The way in which we introduced the WBR provides a rare opportunity to analyse student decisions when they are given considerable freedom over their individual learning. The analysis will be broken down into two stages. First, we will assess which students used the WBR. Were these the students we would expect to get the most benefit e.g. those 6 These codes provided access to an identical resource except for no access to the e-book version of the textbook. 7 It is also possible that other students purchased the textbook and registered for the general WBR but not for the specific content we provided. These students would not be identified in our dataset. However, we believe the incentive mechanism described above makes this relatively unlikely. Likewise, it also possible that a few students shared a single registration.
taking economics for the first-time? Are there certain types of students that are less likely to engage with these study materials? Second, it will then be possible to assess the impact using the resource had on student learning as measured by their performance in the final exam.
Crucially, this econometric analysis of student performance will take into account the first stage decision whether or not to use the resource. This is important because otherwise a finding that using the WBR improves student learning may in fact be simply a result of the better performing students being more likely to sign up and use the resource. As outlined in the next section, previous studies have not taken this possible self-selection bias into account.
After summarising the related literature in section 2, the remainder of the paper proceeds as follows: section 3 describes our dataset and then section 4 outlines the empirical methodology. Section 5 describes the results of the empirical analysis and finally section 6 concludes.
Related literature
There is an extensive literature that examines the impact homework has on academic performance at school or university, with the general consensus being that it has a beneficial effect (see for example Palocsay and Stevens, 2008, pp. 215-7 , for a detailed review of this literature). A more recent literature considers the impact technological innovation can have in university teaching and, particularly relevant for this paper, examines the use of technology to provide supplementary material including both assessed and optional quizzes. Typically, such studies compare the impact of a change in teaching method on student performance, using repetitions of the same course without the change as a control group.
Some studies compare technological solutions with other more traditional methods of teaching. In one of the first studies providing econometric evidence, Agarwal and Day (1998) examined the impact of using the internet in economics classes for: disseminating information, providing a discussion forum and project research. They found that using the internet in this way increased student performance. In addition, instructor evaluations improved and there was also some evidence that student attitudes to the subject improved. Their results were inconclusive as to whether the internet was more beneficial for the more or less able students. More recently, Dufresne et al. (2002) found weak evidence that web-based homework improves performance on a physics course compared to traditional paper-and-pencil based homework. On the other hand, Palocsay and Stevens (2008) find little difference between publisher and lecturer designed WBRs for providing supplementary material to undergraduate students on a business statistics course. Other studies compare performance when technology is used to provide supplementary materials rather than simply as an alternative method of provision. For example, Harter and Harter (2004) find that providing optional online quizzes when teaching economics to mainly pharmacy students does not improve student performance. Galizzi (2010) reports similar findings from economics courses where completion of the quizzes counted towards a student's assessment. Furthermore, in this case students appeared to do no better on questions that were repeated from the quizzes in comparison with performance on other questions in the exam. In contrast, Kibble (2007) found that optional quizzes do have a positive impact on performance in a physiology course. In addition, rewarding students with credit for taking the quizzes resulted in a significant increase in participation. Hadsell (2009) also finds a positive effect of optional quizzes, especially when students are given longer to complete the quizzes, despite this reducing the available feedback. Likewise, Lass et al. (2007) find evidence that assessed quizzes improve performance in a statistics module.
In such studies, in order isolate the impact changing the teaching method has on student performance, it is crucial that this is the only thing that changes across repetitions of the same module. For example, the assessment must be kept as similar as possible. In addition, whilst student characteristic data can be used as controls, there may also be unobservable differences across intakes. A crucial difference in our approach is that we conduct a cross-sectional analysis of student performance for a single intake on the module where the WBR was available to all students. Like studies such as Harter and Harter (2004) , the online quizzes and other supplementary material are optional. However, in previous such studies there has typically been no analysis of the student decision whether or not to attempt the quizzes 8 . In contrast, we first analyse the student decision whether or not to make use of the supplementary material.
Second, we then analyse the impact this decision has on subsequent performance using the first stage analysis to control for the possibility of self-selection bias. This is done using a treatment-effects methodology described in section 4. Whilst this methodology has been used extensively in a wide range of economic applications, it has been far less commonly used in learning and teaching research. To the best of our knowledge, when analysing the impact WBRs have on performance none of the previous studies have explicitly controlled for the possibility of self-selection bias. A related paper is Driffield et al. (2011) who use the same empirical methodology as we will adopt here, but their focus is on the impact of the student decision whether or not to undertake a work-experience placement year.
Data
Our sample covers the 446 students who completed the final exam for this module. As explained earlier, students could gain access to the WBR either by purchasing the course textbook or using the free codes purchased by the business school. Table 1 shows that in total 254 (57%) of the students made use of the resource of which 84% gained access by purchasing the book. The table then summarises the total amount of time that students spent using the WBR.
[ Table 1 here]
The average student who made use of the resource did so for a total of just over two hours across the term 9 . Interestingly, the table also shows that on average there was no difference in usage according to the method by which the student gained access. This module was assessed by a two hour examination taken at the end of the module.
The exam had two sections with equal weighting. Section A contained 50 multiple choice questions of which 10 exactly replicated questions from the large number of practice questions provided via the WBR quizzes. Section B then contained 6 short answer questions of which the students were required to answer 4. Appendix 1 shows that across all students the average overall exam mark was 52% and 29/50 for the multiple choice (MC) section. It should be noted that under the UK marking system a mark between 50 and 59% corresponds to a 2:2 which is the 3rd highest degree classification available, with a mark of 70% or above required for the highest classification. We can then see how exam performance differs depending upon whether the student made use of the WBR. Figure 1 shows that students that made use of the WBR on average performed better on both parts of the exam (see Appendix 1 for more detail).
[ Figure 1 here] Regardless of access method, t-tests confirm that the students who registered for the WBR performed significantly better both on the multiple choice section and the overall exam (p < 0.01). However, we have not yet taken into account which students decided to use the WBR or in other words haven't accounted for the possible self-selection bias. It is therefore too early to conclude that this demonstrates considerable increased student learning through using the WBR. Table 2 provides descriptive statistics for the student characteristic data from the university student records database that will be used in the econometric analysis. For each of the 446 students we first have information on their age at the start of the course, their gender and whether they are a home, EU or overseas student. The majority of students are male (60%) and have recently left school/college. In addition, there are a relatively large proportion of overseas students (33%). In the UK system students are typically awarded palaces at university based on A-level and AS-level (half an A-level) qualifications obtained in three or more subjects.
Therefore, the UCAS entry score variable measures the AS and A-level qualifications of the student prior to entering university 10 . This will be a useful control variable to measure the academic ability of a student at the start of their degree programme. However, not all students meet the university entry requirements by A-level qualifications, with alternatives including Foundation Programmes, the International Baccalaureate (IB) and other overseas qualifications.
Therefore, unfortunately this variable is only available for 250 of the 446 students. The empirical analysis in section 5 will take this into account. In addition, based on the UCAS and IB information Economics and Maths are dummy variables indicating whether or not the student has taken these subjects. Then, for the students who have taken economics to AS or A-level the Econ UCAS score variable measures the student's score for the highest level obtained. Finally, Table 2 also reports on three additional categories of variables: the degree programme that the student is enrolled on, the occupation category of the students' parents and the type of establishment in which the student gained their pre-university education. We can distinguish between pre-university education in fee charging independent schools, state-funded selective grammar schools, comprehensive schools which are neither selective nor fee charging and higher education colleges. Unfortunately, for both pre-university education and parental occupation the data is again not available for a relatively large number of the students and in the empirical analysis these will be treated as the base category.
[ Table 2 here]
Methodology
We are interested in explaining student's examination performance ( ). This will be modelled as
where is a vector of characteristics of student (see Table 2 ), is a binary variable capturing whether or not student decided to register for the WBR and is an error term. The primary focus of this research is on the impact of the WBR on exam performance captured by the parameter . Equation 1 can be estimated by Ordinary Least Squares (OLS), however, this may under (or over) estimate the treatment effect. This will be the case if the typical student who chooses to use the WBR would have had a relatively high (or low) exam performance regardless of whether they decided to use the resource (see Greene, 2003, p. 788 for a formal demonstration of this self-selection bias) 11 .
A solution to this problem is to estimate a treatment-effects model using a two-step procedure 12 . First, a model of each student's decision whether or not to use the WBR is estimated. Assume the likelihood student uses the resource ( * ) is given by * = ′ + where is a vector of characteristics of student (and can include variables in above) and
is an error term. However, we do not observe the likelihood that student adopts the resource, instead we observe the binary decision ( ) of each student. Each student adopts the resource ( = 1) if the likelihood is sufficiently high. Therefore we can write the observed decision of student as
If we assume the error term ( ) is normally distributed then the probability that an individual adopts the WBR can be estimated using a probit model. Second, equation 1 can then be estimated using the results from the probit model to correct for the self-selection bias 13 . This estimation will also report on the correlation between the error terms and . This parameter captures the extent to which an OLS regression over/under estimates the treatment effect ( ) due to the self-selection bias described above. Maddala (1983, p.120 ) explains that this model can be estimated even if includes all the variables in 13F 14 . However, it is preferable to estimate the model with at least one variable included as an instrument for * and therefore not also included in . In other words, ideally at least one variable should be included which affects the likelihood that students adopt the WBR but does not affect their performance (we discuss this issue further in the next section).
Results
As discussed earlier, a student's UCAS entry score is an important control variable but this data is only available for 250 of the students. Our initial analysis will, therefore, focus on this (UCAS) subsample which is largely made up of home students. In this subsample 159 (64%) of the 13 See Greene (2003, p.788 ) for a formal description of the correction procedure.
14 The model is still identified because of the non-linearity of the probit regression. students registered for the WBR of which 136 paid to gain access. In Appendix 2 the descriptive statistics are replicated for the key characteristics of the students in this subsample.
The first step in our empirical analysis is to estimate a probit model of the probability that a student registers to use the WBR. Experimentation shows that the available student characteristic data are much better able to explain the probability that a student pays to use the WBR rather than the probability that they register for the resource by either method. We therefore initially focus on the student decision whether or not to pay to access the resource. Table 3 shows the variables that significantly affect this decision.
[ Table 3 here]
The reported coefficients are marginal effects which show the change in the probability that a student pays to use the resource compared to the reference group, holding all other variables at their mean values. Therefore, the results show that students that we know went to comprehensive or grammar schools are respectively 18 and 12% more likely to pay to use the WBR. In addition, a 1% increase in age relative to the mean increases the probability that a student pays to use the WBR by 12%. All other explanatory variables had an insignificant effect and have therefore been omitted from the model. In particular, overall previous academic performance and qualifications in economics and/or maths do not significantly effect this decision. This last finding is somewhat surprising since we might in particular expect students with previous experience of economics to perceive that they have less need for practice questions. Our results suggest that this effect may be counteracted by such students being more interested in the subject and/or more aware of the benefits of repeated practice.
Having examined the determinants of the probability that the student pays to use the WBR, in stage 2 we examine the impact this decision has on subsequent performance in the examination. Initially, we will focus on students overall performance in the exam. The first set of results in Table 4 are for an OLS regression explaining overall examination marks. Here, the binary variable capturing the student decision to pay to use the WBR is simply included as an explanatory variable. The coefficient on this variable is positive and highly significant. This suggests, like the earlier comparison of average marks, that the WBR improves student performance. However, this OLS regression does not control for the self-selection problem discussed earlier.
Therefore, in order to allow for the possibility of self-selection bias, we now use the twostep approach described in section 4. Table 4 (2) reports the results for stage 2 of a treatmenteffects regression, with the stage 1 decision as estimated in Table 3 . As explained earlier, ideally, at least one explanatory variable should be included in stage 1 that does not affect student performance and is therefore omitted in stage 2. Table 3 showed that age and previous education establishment significantly affect the probability that a student pays to access the WBR. This may for example reflect differences in teaching approaches used across establishments and different attitudes to learning. However, having controlled for student ability, we would not expect these variables to directly affect exam performance 15 . These variables are therefore omitted from stage 2 and used as instruments for the stage 1 decision.
Crucially, the results of the treatment-effects regression show that the positive coefficient on the WBR variable has increased in magnitude and is highly significant 16 . Furthermore, the parameter is negative, this means that the OLS regression underestimates the effect paying to use the WBR has on exam performance.
[ Table 4 here] 15 It is also important to note that there is no significant correlation between a student going to a comprehensive school and their UCAS entry score.
In addition, the other control variables included show that previous academic performance and other student characteristics are also important determinants of student performance. As expected, overall UCAS score has a positive and highly significant effect, as does a maths qualification 17 . Interestingly, it is not simply an AS or A-level in Economics that matters but the level of qualification obtained 18 . In addition, male students perform significantly better 19 . Finally, the positive coefficient on overseas students needs to be interpreted with caution since students which have not taken AS or A-level qualifications are excluded from this sample, a large proportion of which are overseas students.
Unreported results show that the previously omitted instrumental variables are insignificant if included in stage 2 20 . In addition, for comparison, the final column of Table 4 replicates the OLS regression with these explanatory variables omitted.
Our key result is therefore that, at least for this subsample of students, paying to use the WBR with a purchase of the textbook has a positive and highly significant impact on student learning. More precisely, using the results from the treatment-effects regression we can calculate that the expected exam score is on average 3.6 marks higher for students that pay to use the WBR. This is similar in magnitude to the estimated effect of using the WBR in the OLS regressions.
Exam performance by section
So far we have examined overall student performance in the final examination. Table 5 repeats the earlier treatment-effects regression but now separately for the student marks on the multiple
choice and short answer sections of the exam. This will provide evidence for whether the WBR only provides help in answering multiple choice type questions or whether it also facilitates a deeper understanding of threshold economic concepts. Table 5 shows that paying to access the WBR has a positive and significant effect on performance on both sections of the exam.
Furthermore, the coefficient on WBR is larger and more significant for section B of the exam.
Therefore, somewhat surprisingly, the benefits a student gains from using the WBR resource appear to be even more apparent for the short answer type questions. This interesting finding will be discussed in more detail in the concluding section.
[ Table 5 here]
The results also show that the level of previous knowledge in economics is a much more significant determinant of performance on the multiple choice section.
Registration for the WBR using the free access codes
In the previous two subsections we have shown that a student's decision to pay to use the WBR had a significant effect on their performance at the end of the module. Next, we will examine whether this result continues to hold for all students who registered to use the resource.
Therefore, in the stage 1 probit regression shown in Table 6 , the dependent variable is a binary variable indicating the decision to register for the WBR by either available means. Here, whilst the results are quantitatively similar, the coefficients are far less significant; as explained earlier the student characteristic data is less good at explaining the decision to access the WBR via either means.
[ Table 6 here] Table 7 then reports the results for stage 2. Although less significant the coefficient on the WBR variable remains positive and is significant at the 5% level.
[ Table 7 here]
This therefore confirms that our key finding holds, regardless of the method by which students choose to access the WBR. Students that use the free codes do not buy the textbook so these results provide some additional support for interpreting our key finding as showing a positive impact from using the WBR beyond the benefits from buying the textbook. In addition, the coefficients on the other explanatory variables in Table 7 are similar to the earlier results.
Full sample
So far all the analysis has been conducted on the subsample of students for which UCAS data was available. In this section we widen our analysis to the complete sample of 446 students.
Tables 8 and 9 report the results for each stage of the analysis, now again focusing on the decision of whether to pay to access the resource.
[ Table 8 here] Table 8 shows that again, a grammar or comprehensive school education makes a student more likely to pay to access the WBR, however, the age variable is no longer significant.
Interestingly, Table 8 also shows that within the full sample, overseas students are much less likely to pay to access the resource. Explanations for this finding will be discussed in the next section.
[ Table 9 here]
Because we no longer include a control variable for student academic ability on joining university caution needs to be taken in interpreting these results. However, Table 9 suggests that our key finding also holds for the full sample; students that pay to use the WBR resource perform significantly better at the end of the module.
Conclusion
Our experiment with introducing supplementary optional material via a WBR provided an ideal opportunity to analyse student behaviour when they are given considerable freedom over their individual learning. The findings of our empirical analysis clearly show that making use of the WBR had a positive impact on student learning. The module studied here was ideal for examining the impact of supplementary WBRs because of the theoretical nature of the material, the similarities between the practice and assessment questions and the apparent benefits of repetition for increasing student understanding of threshold concepts. However, our findings should also apply in many other economics and business modules. In addition, whilst more evidence is clearly needed, they may also apply across a much wider range of disciplines. The WBR had a positive impact despite students spending a relatively short amount of time taking the assigned optional quizzes (see Table 1 ). However, our results may also in part be driven by the other supplementary resources provided by the WBR and the benefits students obtained from purchasing and making use of the textbook itself. Our results also show that use of the WBR impacted positively not just on student performance in the multiple choice section of the exam but also on the short answer questions. This finding supports the suggestion of Buckles and Siegfried (2006) that multiple choice assessments can potentially test for higher levels of understanding than is typically realised. However, Buckles and Siegfried are skeptical that many textbook question banks achieve this. Whilst additional research is clearly needed, our results suggest that, at least for the specific content of our module, this skepticism may not be merited.
In addition, our results suggest that some groups of students, in particular overseas students, are less willing/able to pay to use the WBR and furthermore this decision harms their subsequent performance. For overseas students this may, for example, be because they adopt different learning styles or are less willing/able to pay for the resource given the higher university fees they are already paying. If the latter is a significant factor then in the future this may also have implications for home students' given the forthcoming significant increase in the fee ceiling. This may affect willingness to pay for supplementary materials despite the fees not being paid up-front. This clearly merits further investigation.
The overall success of our experiment suggests that further integration of the WBR in the module and encouragement to make use of it would be beneficial. One possibility is to ensure that all students are registered for the WBR and use the online quizzes for formal continuous assessment. Our results suggest that providing access to all students would be a worthwhile investment. WBRs provided by publishers are well suited to be used for assessment especially when there are a large number of students, as they provide a large question bank and allow questions to be algorithmically generated and randomized across students. The adoption of the WBR for formal assessment raises further interesting research questions. It would, for example, be interesting to investigate the behaviour of students following an assessed quiz and look at whether the students performing less well seek additional practice material or become discouraged. ρ -0.511 -0.6685 ***Significantly different from 0 at 1% level, ** significantly different from 0 at 5% level and * significantly different from 0 at 10% level. Standard errors in parenthesis. Correct predictions 56% ***Significantly different from 0 at 1% level, ** significantly different from 0 at 5% level and * significantly different from 0 at 10% level. Standard errors in parenthesis. 
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